S1 Cold content and liquid water content
The module for consideration of cold content and liquid water content of the snowpack is controlled by three parameters: the water holding capacity, HC w , the cold holding capacity, HC c (both specified as a fraction of the total snowpack weight), and the refreezing factor, F r , which is the fraction of the computed heat loss used for refreezing and building up the cold content.
Potential melt M p [mm] is calculated using the available melt energy Q M as
where c i is the melting heat of ice (333.7 kJ kg −1 ).
In the case of a negative energy balance (Q M < 0), this "negative melt" is first used to calculate a refreezing of liquid water in the snowpack, RF [mm] , in the form of
where C lw, t−1 [mm] is the liquid water content of the previous time step. C lw for a given time step is derived as C lw = C lw, t−1 + P r − RF,
where P r [mm] is liquid precipitation. The remaining amount of energy is used to increase the cold content C c (cold content is represented with negative values, while liquid water content is represented with positive values) as C c = max {C c, t−1 + (M p · F r + RF) , −HC c · SWE t−1 } .
In the case of a positive energy balance (Q M > 0), first the sum of cold content reduction and actual melt is calculated as M v = min {SWE t−1 −C c, t−1 , M p } .
C c is then reduced with C c = min {C c, t−1 + M v , 0}
and actual melt, M a [mm] , calculated as
C lw is then updated in form of
and the outflow (i. e., the excess water that is actually removed from the snowpack),
The long-term discharge simulations were not improved due to the implementation of the module for cold content and liquid water content, as can be seen in table S1 (skill scores for the individual catchments and the validation period 2007-2013 obtained using invidually calibrated runoff parameters for the period 1997-2006) -in fact average model skill even decreased slightly after implementation of the module. The module was rather implemented to improve the snow cover simulations and prevent premature melting of snow in high elevations. As table S2 shows, snow depth evolution was only slightly improved 1 at the high-elevated stations, while at the low-elevated stations snow depth overestimations increased even more, resulting in lower model performance. However, the implementation of the cold content/liquid water content module drastically improved the simulations regarding (i) snow depth distribution over the winter 2010/11 ( fig. S1 ), (ii) long-term glacier mass balance 1997-2006 (fig. S2) , and (iii) annual ( fig. S3 ) and cumulative ( fig. S4 ) glacier mass balance for HEF, KWF, and VF, as can be seen when comparing these figures (obtained without consideration of cold content and liquid water content) with the ones shown in the original manuscript. 
S2 Analysis of the mass balance simulations for the year 2003
The simulated mass balances for the three glaciers with annual measurements are particularly underestimated in the year 2003. Looking at the satellite comparison using Landsat and MODIS data for this year ( fig. S5 ), model performance is indeed decreasing during the summer of 2003, however as the BIAS results and the plots of the two Landsat scenes in late July and mid-September, respectively, show (figs. S6-S7), this is due to an over-rather than an underestimation of snow cover (at least on these two dates). Runoff simulations ( fig. S8 ) for the gauge Vent/Rofenache (of which the three glaciers are contributing to) also show no striking anomalies, but rather a quite satisfying agreement with the observations during the summer months of 2003. After further investigation, comparison of simulated snow depth for three stations ( fig. S9 ), showed that for the stations Obergurgl and Pitztaler Gletscher snow depth is captured very well (Obergurgl) and slightly overestimated (Pitztaler Gletscher), respectively, however distinctly underestimated for the station Vernagtbach (being the closest station to the three investigated glaciers, hence having the highest influence on the interpolated meteorological fields) in this year, mostly due to a precipitation event in mid-November 2002 which is not captured by the precipitation recordings at this station (blue line in fig. S9 ). Re-running the model while excluding the precipitation recordings for October and November 2002 at this station (i. e., precipitation for the station location is then obtained by interpolation from the surrounding stations) yields considerably higher snow depths (green line in fig. S9 ). S5 Runoff module parameters and resulting skill Gepatschalm observed simulated Figure S16 : Observed (blue) and simulated (red) runoff for the Rofenache (top) and Gepatschalm (bottom) catchments in the year 2012. The red lines correspond to the runoff resulting from the best-performing parameter set in the calibration period, whereas the shaded areas represent the range of the 50 best-performing parameter sets.
S3 Satellite data comparison

